Modern robotic programming relies on offline simulation to reduce process downtime. In a virtual environment, application specialists can program, visualize, and test their robotic application before deploying it to the real production environment. This offline process saves both time and costs while increasing the safety and efficacy of the robotic application. However, to achieve a high level of fidelity between virtual and production environments, the robot system must be accurate. According to ISO 5725-1, accuracy refers to closeness or trueness of measurements to a specific value, while precision refers to the closeness of the measurements to each other. Most industrial robots are inherently precise (i.e., repeatable), but they are not necessarily accurate. One cost-effective approach to obtaining a more accurate robot is through calibration, where the actual kinematic and non-kinematic parameters of the robot model are identified and improved upon when compared to the nominal model.
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Pybotics is an open-source Python toolbox for robot kinematics and calibration. It was designed to provide a simple, clear, and concise interface to quickly simulate and evaluate common robot concepts, such as kinematics, dynamics, trajectory generations, and calibration. The toolbox is specifically designed for use with the Modified Denavit-Hartenberg parameters convention, introduced and popularized by Craig (2005) , which uses four geometric parameters to define reference frames along the links of a robot manipulator.
As MATLAB® is not necessarily readily available outside of academia, Pybotics was originally developed as a fully open-source alternative to the Robotics Toolbox by Peter Corke (Corke, 2017) with the intention of being used in both research and industry. The Pybotics toolbox leverages the NumPy package for computational efficiency (Van Der Walt, Colbert, & Varoquaux, 2011) and offers a flexible interface to model robot manipulators using arraybased notation. The modelling approach allows for the vectorization of the robot model and integration with the robust optimization algorithms contained in the SciPy package (Jones, Oliphant, Peterson, & others, 2001) . This results in the capability to easily calibrate a robot model and forms the foundation of the research presented in Nadeau, Bonev, & Joubair (2019) . Furthermore, real-time robot optimization applications, an example of which is presented in Nadeau & Bonev (2018) , can be augmented with machine learning through the vectorial interface of Pybotics and the Scikit-learn framework (Pedregosa et al., 2011) .
